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2-(PIPERIDIN-4-YLH,5-DIHYDRO-2H-PYRIDAZIN-3-ONE 
DERIVATIVES AS PDE4 INHIBITORS 

Field of application of the invention 

The invention relates to novel pyridazlnone-derivatives, which are used in the pharmaceutical industry for 
the production of pharmaceutical compositions. 

Known technical background 

International Patent Applications W098/31674 (= USP 6,103,718), WO99/31071, WO99/31090. 
WO99/47505 (= USP 6,255,303), WO01/19818, WO01/30766, WO01/30777, WO01/94319, 
WO02/064584, WO02/085885 and WO02/085906 disclose phthalazinone derivatives having PDE4 inhibi- 
tory properties. In the International Patent Application WO03/032993, tiie European Patent Applications 
BP 539806, EP 618201, EP 723962, EP 738715, EP 763534 and In tiie Gemrian Patent Application 
DE19604388 arylalkyl-diazinone and thiadiazinone derivatives are described as PDE4 Inhibitors. Interna- 
tional Patent Application WO93/07146 (» USP 5,716,954) discloses benzo and pyrido pyridazinone and 
pyridazinthione compounds with PDE4 inhibiting activity. 

In the Journal of Medicinal Chemistry, Vol. 33, No. 6, 1990, pp. 1735-1741 1,4-Bis(3-oxo-2,3dihydro- 
pyridazin-6^l)benzene derivatives are described as potent phosphodiesterase inhibitors and inodilators. In 
r;^.tiie Joumal of Medicinal Chemistry Vol. 45 No.12, 2002, pp. 2520-2525, 2526-2533 and in Vol. 44, No. 
16, 2001, pp. 2511-2522 and pp. 2523-2535 phthalazinone derivatives are described as selective PDE4 
inhibitors. 

Despriptlop of the jpygntlon 

It has now been found that the pyridazinone-derivatives, which are described in greater details below, have 
surprising and particularly advantageous properties. 

The invention thus relates to compounds of formula 1 
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in which 

R1 is 1-4C-alkyl and 
R2 is 1-4C-alkyi, 

R3 represents a phenyl derivative of formulae (a) or (b) 




wherein 

R4 is MC-allcoxy or 1-4C-aH<oxy which Is completely or predominantly substituted by fluorine. 
R5 is 1-8C-alkoxy, 3-7C-cycloall<oxy, 37C-cycloalkylmethoxy, or 1-4C-all<oxy which is completely 
or predominantly substituted by fluorine, 

R6 is 1-4C-alkoxy, 3-5C-cycioalkoxy, 3^C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely 

or predominantly substituted by fluorine, 

R7 is 1-4C-alkyI and 

R8 is hydrogen or 1-4C-alkyl, 

or wherein 

R7 and R8 together and with inclusion of the two cari3on atoms, to which they are bonded, form a 
spiro-linked 5-, 6- or 7-membered hydrocarbon ring, optionally interrupted by an oxygen or sulphur 
atom, 

R9 is -C(O)R10, -S{0)rR14, -<CH2)„-C(0)-R18 or -C(0)-(CH2)„,-R21, 
R10 is 1-4C-alkyl, -N(R1 1)R12, phenyl or phenyl substituted by R13, 
R1 1 is hydrogen, 1-4C-alkyl, 3-7C-cycloallvl or 3-7C-cycloalkyImethyl, 
R12 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-70-cycloalkylmethyl, 
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• or R1 1 and R1 2 together and with Inclusion of the nitrogen atom to which they are bonded, fonm a 
1-pyn-olidinyl-, 1-piperidlnyl-, liDiperazinyi, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-, 
4-morpholinyl, 4-thiomorpholirTyl-, thiomorpholin-1-oxide-4-yl- orthlomorpholin-1,1<lioxlde-4-yl-ring, 

R13 is hydroxyl, halogen, nitro, cyano, hydroxycarbonyl, 1-4C-alkyl, trifluoromethyi, 1-4C-all<oxy, 
1-4C-alkoxy which is completely or predominantly substituted by fluorine, 1-4C-alkoxycarbonyl, 
amino, mono- ordi-1-4G^lkyIamino, aminocarbonyl, mono- or di-1-4C-alkylamlnocarbonyl, 
1-40alkylcarbonyl, 1-4C-alkylcarbonylamino or 1-4C-alkylcarbonyloxy, 

R14 is 1-40alkyl, -N(R15)R1 6, phenyl or phenyl substituted by R17, 

R15 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyi, 

R16 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycioalkylmethyl, 

or R15 and R1 6 together and with inclusion of the nitrogen atom to which they are bonded, form a 
l-pyn-olidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)i3lperazin-4-yl-, 1-hexahydroazepinyl-, 
4-morpholinyl, 4-th1omorpholinyK thiomorpholin-1-oxide-4-yl- orthiomorpholin-1,1-dioxide-4-yl-ring, 

R17 is hydroxyl, halogen, nitro, cyano, carboxyl, 1-4C-alkyl, trifluoromethyi, 1-4C-alkoxy, 1-4C-alkoxy 
which is completely or predominantly substituted by fluorine, 1-4C-alkoxycarbonyl, amino, mono- 
or di-*1-4C-alkylamino, aminocari^onyl, mono- or di-1-4C-alkylaminocarbonyl, 1-4C^ll^lcarbonyl, 
1-4C-alkylcarbonylamino or 1-4C-alkylcarbonyloxy, 

R18 is -N(R19)R20, 

R19 is hydrogen, 1-4C-alkyl, 3-7C-cycloall^l or 3-7C-<ycloaIkylmethyl, 

R20 is hydrogen, 1-4C-alkyl, 37C-cycloall^I or 3-7C-cycloalkylmethyl, 

or R19 and R20 together and with inclusion of the nitrogen atom to which they are bonded, fomi a 
liDyn^olidinyK 1-piperidinyK 1-piperazinyl, 1-(1-4C^lkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-, 
4-morpholinyl, 4-thlomorpholinyi-, thiomorpholin-1-oxide-4-yl- orthiomorpholin-1,1-dioxide-4-yl-ring, 

R21 is -N(R22)R23, 

R22 IS hydrogen, 1-4Cralkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl, 

R23 is hydrogen, 1-4C-alkyl, 3-7C-cycIoa!kyl or 3-7C-cycloa!kylmethyl, 

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, fomri a 
1-pyrrolidinyl-, 1-piperidinyl-, l-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, l-hexahydroazepinyl-, 
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl-, thiomorpholin-1 ,1-dioxide-4-yl-, pyr- 
rolidln-2,5<lione-1-yl-, morpholin-3,5<lione4-yl-, piperidin-2,6-dione-1-yl, 4,4-dimethyl-piperidin-2,6- 
dione-1-yl or a 1-methyl-imidazolidine-2,4<Jione-3-yl-ring or a isoindoM ,3-dione-2-yl-ring-system, 

n is an integer from 1 to 4, 

m Is an integer from 1 to 4, 

and the salts of these compounds. 

1-4C-Alkyl is a straight-chain or branched alkyi radical having 1 to 4 carbon atoms. Examples are the 
butyl, isobutyl, sec-butyl, tert-butyl, propyl, isopropyl, ethyl and methyl radicals. 
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1-4C-Alkoxy is a radical whicK in addition to the oxygen atom, contains a straight*chaln or branched 
ali<yl radical having 1 to 4 carbon atoms. Aikoxy radicals having 1 to 4 carbon atoms which may be men- 
tioned in this context are, for example, the butoxy, isobutoxy, sec-butoxy, tert-butoxy, propoxy, iso- 
propoxy, ethoxy and methoxy radicals. 

1-8C-Alkoxy is a radical which, in addition to the oxygen atom, contains a straight -chain or branched 
alkyi radical having 1 to 8 carbon atoms. Aikoxy radicals having 1 to 8 carbon atoms which may be men- 
tioned in this context are, for example, the octyloxy, heptyloxy, isoheptyloxy (5-methylhexyloxy), hexy- 
loxy, isohexyloxy (4-methylpentyloxy), neohexyloxy (3,3-dimethylbutoxy), pentyloxy, isopentyloxy 
(3-methylbutoxy), neopentyloxy (2,2-dlmethylpropoxy), butoxy, isobutoxy, sec-butoxy, tert-butoxy, pro- 
poxy, jsopropoxy, ethoxy and methoxy radicals. 

1^C-Alkoxy which is completely or predominantly substituted by fluorine Is, for example, the 
2,2,3,3,3i3entaFluoropropoxy, the perfluoroethoxy, the 1,2,2-trffluoroethoxy and in particular the 
1,1,2,2-fetrafluoroethoxy, the 2,2,2-trifluoroethoxy, the trifluoromethoxy and the difluoromethoxy radical, of 
which the difluoromethoxy radical is preferred. "Predominantly" in this connection means that more than 
half of the hydrogen atoms of the 1-4C-alkoxy group are replaced isy fluorine atoms. 

3-7C-Cycloalkoxy stands for cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cyclohexyloxy or cyclo- 
heptyloxy, of which cyclopropyloxy, cyclobutyloxy and (^cloperrtyloxy are preferred. 

3-7C-CycloalkyImethoxy stands for cyclopropylmethoxy, cyclobuty I methoxy, cyclopentylmethoxy, cycle- 
hexylmethoxy or cycloheptylmethoxy, of which cyclopropylmethoxy, cyclobutylmethoxy and cyclopen- 
tylmethoxy are preferred. 

3^C-Cycloalkoxy stands for cyclopropyloxy, cyclobutyloxy and cyclopentyloxy. 

3^C-Cycloalkylmethoxy stands for cyclopropylmethoxy, cyclobutylmethoxy and cyclopentylmethoxy. 

As spiro-linked 5-, 6- or 7-membered hydrocarbon rings, optionally interrupted by an oxygen or sulphur 
atom, may be mentioned the cydopentane, cyclohexane, cycloheptane, tetrahydrofuran, tetrahydropyran 
and the tetrahydrothiophen ring. 

Halogen within the meaning of the present invention Is bromine, chlorine or fluorine. 

1-4C-Alkoxycarbonyl is a carisonyl group to which one of the abovementioned 1-4C-aIkoxy radicals is 
bonded. Examples aretiie methoxycarbonyl [CHdO-C(0)-] and the etiioxycari3onyl [CIHaCKP-CCO)-] radi- 
cal. 
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Mono- or Di-1-40alkylamino radicals contain in addition to the nitrogen atom, one or two of the above- 
mentioned 1*4C-allcyl radicals. 

Mono- or Di-1-4C-alkyiaminocarbonyl radicals contain in addition to the carbonyl group one of the above- 
mentioned mono- or di-1-4C-alkylamino radicals. Examples which may be mentioned are the N-methyl- 
the N,NklimethyK the N-ethyK the N-propyK the N,NkJiethyl- and the N-isopropylaminocarbonyl radical. 

1-40-Alkylcarbonyl is a carbonyl group to which one of the abovementloned 1-4C-alkyl radicals is bonded. 
An example is the acetyl radical [CHgCP)-]. 

An 1-4C-Alkylcarbonylam]no radical is, for example, the propionylamino [(y47C(0}NH-] and the ace- 
tylamino radical [CH3C(0)NH-], 

1- 4C-Alkylcarbonyloxy stands for a carbonyloxy group to which one of the abovementioned 1-4C-alkyl 
radicals is bonded. An example is the acetoxy radical [CH3C(0)-0-]. 

3-7C-(^cloalkyl stands for cyclopropyl, cyclobutyl, cyclopenlyl, cyclohexyl or cycloheptyl, of which cy- 
dopropyl and cycloperttyl are preferred 

3-7C-Cycloalkylmethyl stands for cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, cyclohexyl- 
methyl or cycloheptylmethyl. 

•AH 

Suitable salts for compounds of formula 1 are - depending on substitution - all acid addition salts or all 
salts with bases. Particular mention may be made of the pharmacologically tolerable inorganic and or- 
ganic acids and bases customarily used in pharmacy. Those suitable are, on the one hand, water-soluble 
and water-insoiuble acid addition salts with acids such as, for example, hydrochloric acid, hydrobromlc 
acid, phosphoric acid, nitric acid, sulphuric acid, acetic acid, citric acid, D-gluconic acid, benzoic acid, 

2- (4-hydroxybenzoyl)benzoic acid, butyric acid, sulphosalicylic acid, maleic acid, lauric acid, malic acid, 
fumaric acid, succinic acid, oxalic add, tartaric acid, embonic acid, stearic add, toluenesulphonic acid, 
methanesulphontc acid or 34iydroxy-2-naphthoic acid, the acids being employed in salt preparation - 
depending on whether a mono- or polybasic acid Is concerned and depending on which salt is desired - in 
an equimolar quantitative ratio or one differing therefrom. 

On the other hand salts with bases are - depending on substitution - also suitable. As examples of salts 
w'rth bases are mentioned the litiiium, sodium, potassium, calcium, aluminium, magnesium, titanium, 
ammonium, meglumine or guanidinium sails, here, too, the bases being employed in salt preparation in 
an equimolar quantitative ralio or one differing therefrom. 
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Pharmacologically intolerable salts, which can be obtained, for example, as process products during the 
preparation of the compounds according to the invention on an industrial scale, are converted into phar- 
macologically tolerable salts by processes known to the person skilled in the art. 

According to expert's knowledge the compounds of the invention as well as their salts may contain, e.g. 
when isolated In crystalline fonri, varying amounts of solvents. Included within the scope of the invention 
are therefore all solvates and in particular all hydrates of the compounds of formula 1 as well as all sol- 
vates and in particular all hydrates of the salts of the compounds of formula 1 . 

An embodiment (embodiment A) of the invention are those compounds of formula 1 in which 
R1 Is 1-4C-alkyl, 
R2 is 1-4C-alkyl, 

R3 represents a phenyl derivative of formulae (a) or (b) 



R4 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine, 
R5 Is 1-2C-alkoxy or 1-i^alkoxy which is completely or predominantly substituted by fluorine, 
R6 is 1-2C-alkoxy or 1-20alkoxy which is completely or predominantly substituted by fluorine, 
R7 is methyl and 
R8 is hydrogen, 
• or wherein 

R7 and R8 together and with inclusion of the two cariaon atoms, to which they are bonded, foon a 
spiro-linked c^clopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring, 

R9 is -C(O)-R10, -S(0):rR14, -{CH2)„-C(0)-R18 or -C(OHCH2)m-R21, 

RIO is phenyl or phenyl substituted by R13, 

R13 is 1-4Cnalkyl or 1-4C-alkoxy, 

R14 Is -N(R1 5)R1 6, phenyl or phenyl substituted by R17, 

R1 5 is hydrogen or 1-40alkyl, 

R1 6 is hydrogen or 1-4C-alkyl, 

R17 is halogen, nitro, cyano, 1-4C-alkyl, 1-40-alkoxy or 1-4C-alkoxy which is completely or predomi- 
nantly substituted by fluorine, 
R18 is -N(R19)R20, 
R19 is hydrogen or 1-4(>alkyl, 




(b) 



R8 



wherein 
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R20 IS hydrogen or 1-4C-alkyl, 

or R19 and R20 together and with inclusion of the nitrogen atom to which they are bonded, form a 
1i3ynrolidinyl-, 1-piperidinyl-, l-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-, 
4-morpholinyl or 4-thiomorphGlinyl-ring, 

R21 Is -N(R22)R23, 

R22 is hydrogen or 1-4C-alkyl, 

R23 is hydrogen or 1-4C-allcyl, 

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, form a 
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyK 
4-morphoIinyl, 4-lhiomorpholinyK pyrrolidin-2,5<Iione-1-yl-, morpholin-3,5-dione-4-yl-, piperldin-2,6- 
dione-1-yl, 4,4<limethyl-plperidin-2,6<lione-1-yl or a lHmethyHmidazondlne-2,4dtone-3-yl-ring or a 
Isoindol-1 ,3Klione-2^l-ring-system, 

n Is an Integer from 1 to 4, 

m is an integer from 1 to 4, 

and the salte of these compounds. 

A subgroup of embodiment A to be emphasized are those compounds of formula 1 in which 
R1 is methyl or ethyl, 
R2 is methyl or ethyl, 

R3 represents a phenyl derivative of fonnulae (a) or (b) 




wherein 

R4 is methoxy, ethoxy or difluoromethoxy, 
R5 is methoxy, ethoxy or difluoromethoxy, 
R6 is methoxy, ethoxy or difluoromethoxy, 
R7 is methyl and 
R8 is hydrogen, 
or wherein 

R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, fomi a 
spiro-linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring, 
R9 is-C(O)-R10, 

R1 0 is phenyl or phenyl substituted by R1 3, 
R13 is 1-4C^lkyl or 1-4C-alkoxy, 
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Another subgroup of embodiment A to be emphasized are those compounds of formula 1 in which 
R1 is methyl or ethyl, 
R2 is methyl or ethyl, 

R3 represents a phenyl derivative of formulae (a) or (b) 




wherein 

R4 Is methoxy, ethoxy or difluoromethoxy, 
R5 Is methoxy, ethoxy or difluoromethoxy, 
R6 is methoxy, ethoxy or difluoromethoxy, 
R7 is methyl and 
R8 is hydrogen, 
or wherein 

R7 and R8 together and with Inclusion of the two carbon atoms, to which they are bonded, form a 
spiro-linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring, 
R9 is -S(0)2-R14, 

R1 4 is -N(R1 5)R1 6, phenyl or phenyl substituted by R1 7, 
R15 is hydrogen or 1-4C-alkyl, 
R16 is hydrogen or 1-4C-alkyl, 

R17 is halogen, nitro, cyano, 1-4C-alkyl, 1-4C-alkoxy or 1-4C-aIkoxy which is completely or predomi- 
nantly substituted by fluorine, 
and the salte of these compounds. 

A further subgroup of embodiment A to be emphasized are those compounds of formula 1 in which 
R1 Is methyl or ethyl, 
R2 Is methyl or ethyl, 

R3 represents a phenyl derivative of formulae (a) or (b) 
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wherein 

R4 is methoxy, ethoxy or difluoromethoxy, 
R5 is methoxy, etiioxy or difluoromethoxy, 
R6 is methoxy, ethoxy or difluoromethoxy, 
R7 is methyl and 
R8 Is hydrogen, 
or wherein 

R7 and R8 together and with inclusion of the two carl3on atoms, to which they are bonded, form a 
spiro-linked cyclopentane, cydohexane, tetrahydrofuran or tetrahydropyran ring, 

R9 IS -(CH2)„-C(0>R18, 

R18 Is -N(R19)R20, 

R19 is hydrogen or 1-4C-alkyl, 

R20 is hydrogen or 1-4C-alkyl, 

or R19 and R20 together and with inclusion of the nitrogen atom to which they are bonded, form a 
liayrrolidinyl-^ 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-all<yl)-pipera2in-4-yl-, 1-hexahydroazepinyI-, 
4-morpholinyl or 4-thiomorpholinyking, 

n is 1 or 2, 

and the salts of these compounds. 

Still a further subgroup of embodiment A to be emphasized are those compounds of formula 1 in which 
R1 is methyl or ethyl, 
R2 is methyl or ethyl, 

R3 represent a phenyl derivative of formulae (a) or (b) 




wherein 

R4 is methoxy, ethoxy or difluoromethoxy. 
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RS is methoxy, ethoxy or rfrfluoromethoxy, 
R6 is methoxy, ethoxy or dif luoromethoxy, 
R7 is methyl and 
R8 is hydrogen, 
or wherein 

R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form a 
spiro-linlced cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring, 

R9 is-C(OHCH2)^-R21. 

R21 is -N(R22)R23, 

R22 is hydrogen or 1-4C-alkyl, 

R23 is hydrogen or 1-40ati<yl, 

or R22 and R23 together and with Inclusion of the nitrogen atom to which they are bonded, fomn a 
l-pyn-olidinyK 1-piperidinyl-, l-piperazinyl, 1-methyl-pipera2in-4-yl-, 1-hexahydroazepinyK 
4Hmorpholinyl, 44h1omorpholinyK Ryrrolidin-2,Mione-1-yl-, morpholin-3,5<lione-4-yl-, piperidin-2,6- 
dione-1-yl, 4,4-dimethyl-piper1dIn-2,6-dione-1-yl or a 1-m6thyl-im]dazolidine-2,4-dione-3-yl-ring or a 
isoindol-1 ,3-dione-2-yI-ring^ystem, 

m is 1, 

and the salts of these compounds. 

A subgroup of embodiment A to be particularly emphasized are those compounds of fonnula 1 in which 
R1 is methyl or ethyl, 
R2 Is methyl or ethyl, 

R3 represents a phenyl derivative of formulae (a) or (b) 



wherein 

R4 is methoxy or ethoxy, 

R5 is methoxy or ethoxy, 

R6 IS methoxy, 

R7 is methyl and 

R8 is hydrogen, 
R9 is-<;(O)-R10, 

R1 0 is phenyl or phenyl substituted by R13, 
R13 is methoxy. 




(b) 
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and the sate of these compounds. 

Another subgroup of embodiment A to be particularly emphasized are those compounds of formula 1 in 
which 

R1 is methyl or ethyl, 
R2 is methyl or ethyl, 

R3 represents a phenyl derivative of fomfiulae (a) or (b) 



wherein 

R4 is methoxy or ethoxy, 

R5 is methoxy or ethoxy, 

R6 is methoxy, 

R7 is methyl and 

R8 is hydrogen, 
R9 IS -S(0)rR14, 

R14 is -N(R15)R16, phenyl or phenyl substituted by R17, 
R15 is methyl, 
R16 is methyl, 

R17 is (yano, methyl, methoxy or trlfluoromethoxy, 
and the salts of these compounds. 

A further subgroup of embodiment A to be particularly emphasized are those compounds of fomnula 1 in 
which 

R1 is methyl or ethyl, 
R2 is methyl or ethyl, 




(b) 



R8 
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R3 represents a phenyl derivative of formulae (a) or (b) 




wherein 

R4 is methoxy or ethoxy, 

R5 Is methoxy or ethoxy, 

R6 is methoxy, 

R7 is methyl and 

R8 is hydrogen, 
R9 is -(CH2)nO(0)-R18. 
R18 is -N{R19)R20, 
R19 is hydrogen, 
R20 is hydrogen, 

or R19 and R20 together and with Inclusion of the nitrogen atom to which they are bonded, form a 

4-morpholinyl-ring, 
n is 1 or 2, 

and the salts of these compounds. 

Still a furtiier sui^roup of embodiment A to be particularly emphasized are those compounds of formula 1 
in which 

R1 is methyl or ethyl, 
R2 is methyl or ethyl, 

R3 represents a phenyl derivative of formulae (a) or (b) 




wherein 

R4 is methoxy or ethoxy, 
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R5 is methoxy or ethoxy, 

R6 is methoxy, 

R7 Is methyl and 

R8 Is hydrogen, 
R9 is-C{0)-(CH2)rn-R21, 
R21 is -N(R22)R23, 

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, form a 

1-methyIiDiperazin-4-yl-, pyrrolidin-2,5-dione-1-yl- or a morpholin-3,5-dione-4-yl-ring or a Isoindol- 
1 ,3<lione-2-yl-ring-system, 

m Is 1, 

and the salts of these compounds. 

Another embodiment (embodiment B) of the invention are those compounds of formula 1 in which 
R1 Isl^nalkyland 
R2 Is 1-4C-alkyl, 

R3 represents a phenyl derivaGve of formulae (a) or (b) 




wherein 

R4 is 1-4C-alkoxy or 1-4C-alkoxy which is completely or predominantly substituted by fluorine, 
R5 IS 1-6C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely 
or predominantly substituted by fluorine, 

R6 is 1-4C-alkoxy, S^Ocycloalkoxy, 3-50cycloalkylmethoxy, or 1-4C-alkoxy which is completely 

or predominantly substituted by fluorine, 

R7 is 1-4C-alkyl and 

R8 is hydrogen or 1-4C-alkyl, 

or wherein 

R7 and RB together and with Inclusion of the two carison atoms, to which they are bonded, form a 
spiro-llnked 6- or 7-membered hydrocarbon ring, optionally Interrupted by an oxygen or sulphur 
atom, 

R9 Is -C(O)R10, -S(0)rR14, -(CHsJ„-C(0)-R18 or -C(0)-(CH2)m-R21, 
R10 Is 1-4C-alkyl, -N{R1 1)R12, phenyl or phenyl substituted by R13, 
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R11 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-70cycloalkylmethyl, 

R12 is hydrogen, 1-4C-alkyl, a-7C-cycloalkyI or 3-7Crcycloalkylmethyl, 

or R1 1 and R1 2 together and with inclusion of the nitrogen atom to which they are bonded, form a 
1i)yrrolidinyl-, 1-piperidinyI-, 1-piperazinyl, 1-(1-4C-alkyl)-pipera2in-4-yl-, i-hexahydroazepinyl-, 
4-morphoiinyl, 4-thiomorpholinyK thlomorpholin-1-oxide-4-yl- orthiomoipholin-1,1-dioxide-4-yl-rlng, 

R13 is hydroxyl, halogen, nitro, cyano, hydroxycarbonyl, 1-4C-alkyl, trifluoromethyl, 1-4C-alkoxy, 
1-4C-alkoxy which is completely or predominantly substituted by fluorine, 1-4C-alkoxycarbonyl, 
amino, mono- or dl-1-40alkylamino, aminocarbonyl, mono- or di-1-4C-alkylamlnocarbonyl, 
1-4C-aikylcarbonyl, 1-4C-alkylcarbonylamino or 1-4C-alkylcarbonyloxy, 

R14 is 1^«>-alkyl, -N(R1 5)R1 6, phenyl or phenyl substituted by R1 7, 

R15 is hydrogen, 1-4C-alkyl, 3-7C-cyc!oalkyl or 3-7C-cycloalkylm0thyl, 

R16 Is hydrogen, 1-4C-alkyl,* 3-7C-cycIoalkyl or 3-7C-cycloalkylmethyl, 

or R1 5 and R1 6 together and with inclusion of the nitrogen atom 1o which they are bonded, fomn a 
1-pyrrolIdlnyl-, 1-plperidinyl-, 1-plperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyK 
4-morpholinyl, 4-thlomorpholinyK thiomorpholin-1-oxide-4-yl- orthiomorpholin-1,1<lioxide-4-yl-ring. 

R17 is hydroxyl, halogen, nitro, cyano, carboxyl, 1-4C-alkyl, trifluoromethyl, 1-4C-alkoxy, MC-alkoxy 
which Is completely or predominantly substituted by fluorine, 1-4C-alkoxycarbonyl, amino, mono- 
ordi-1-4C-alkylamino, aminocarbonyl, mono- or dl-1-4C-allvlaminocarbonyl, 1-40alkylcarbonyl, 
1-40alkylcarbonylamino or 1-4C-alkylcari3onyloxy, 

R18 is -N(R19)R20, 

R19 is hydrogen, 1-4C-alkyl, 3-7C-cyc!oalkyl or 3-7C-cycIoalkylmethyl, 

R20 is hydrogen, 1-4C-alkyl, 3-70cycIoalkyl or 3-7C-cycloalkylmethyl, 

or R1 9 and R20 together and with inclusion of the nitrogen atom to which they are bonded, form a 
t-pyn-olidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-plperazin-4-yl-, 1-hexahydroazepinyl-, 
4-morpholinyl, 4-thiomorphoiinyK thiomorpholin-1-oxlde-4'yl- or thiomorpholin-1,1-dioxide-4-yl-ring, 

R21 is -N(R22)R23, 

R22 is hydrogen, I^Oalkyl, a-7C-cycloalkyl or 3-7C-cycloalkylmethyl, 

R23 is hydrogen, 1-4C-alkyl, 3-7C-cycIoalkyl or 3-7C-cycloalkylmethyl, 

or R22 and R23 together and with Inclusion of the nitrogen atom to which they are bonded, fomi a 
1-pyrrolidinyl-, 1-piperidinyK 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-, 
4-morphoiinyl, +-thiomorpholinyl-, thiomorphoIin-1-oxide-4-yl-, thlomorpholin-1 ,1-dioxide-4-yl- or a 
pyn'olidin-2,5dIone-1-ylHing, 

n is an integer from 1 to 4, 

m is an Integer from 1 to 4, 

and the salts of these compounds. 

Compounds of fomiula 1 of embodiment B to be emphasized are those in which 
R1 is 1-40alkyl, 
R2 is M&alkyl, 
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R3 represents a phenyl derivative of formulae (a) or (b) 




wherein 

R4 is 1-2C-alkoxy or 1-2C-all<oxy which is completely or predominantly substituted by fluorine, 
R5 is 1-4C-alkoxy, 

R6 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine, 
R7 is methyl and 
R8 is hydrogen, 
or wherein 

R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form a 
spiro-linked cyciopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring, 

R9 is -S{0)2-R14. -(CH2)n-C(0)-R18 or -C(O)-(CH;0„,-R21 , 

R14 Is phenyl or phenyl substituted by R17, 

R17 Is halogen, nitro, cyano, 1-4Cnalkyl or 1-4C-alkoxy, 

R18 is -N(R19)R20, 

R1 9 is hydrogen or 1-4C-alky I, 

R20 is hydrogen or 1-4C-aIkyl, 

or R1 9 and R20 together and with inclusion of the nitrogen.atom to which they are bonded, fonn a 
l-pyn-olidinyK 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-i3iperazin-4-yK 1-hexahydroazepinyl-, 
4-morpholinyl or 44hiomorpholinyl-ring, 

R21 Is -N(R22)R23, 

R22 Is hydrogen or 1-4C-all^l, 

R23 is hydrogen or 1-4C-alkyl, 

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, form a 
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-, 
4-morpholinyl, 4-thiomorpholinyl- or a pyrrolidin-2,5-dione-1-yl-ring, 

n is an integer from 1 to 4, . 

m is an integer from 1 to 4, 

and the salts of these compounds. 

Preferred compounds of formula 1 of embodiment B are those, in which 
R1 is methyl, 
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' R2 is methyl, 
R3 represents a phenyl derivative of formula (a) 




wherein 

R4 is methoxy or ethoxy, 

R5 is methoxy or ethoxy, 
R9 is -B(0)2-R14, -(CHs>)„-C(0)-R18 or -C(OHCH^„,-R21, 
R14 is 2-cyanophenyl, 
R18 Is amino or 4Hnorpholinyl, 
R21 is pyrrolidin-2,frdione-1 -yl, 
n is1or2, 
m is1, 

and the salts of these compounds. 

A special embodiment of the compounds of the present Invention include those compounds of formula 1 
in which R3 represents a phenyl derivative of formula (a). 

Another special embodiment of the compounds of the present invention include those compounds of for- 
mula 1 in which R3 represents a phenyl derivative of formula (a) and R4 and R5 have the meaning meth- 
oxy. 

Still another special embodiment of the compounds of the present Invention include those compounds of 
formula 1 in which R1 is methyl, R2 is methyl. R3 represents a phenyl derivative of formula (a) and R4 and 
R5 have tiie meaning metiioy. 

A further special embodiment of the compounds of the present invention include tiiose compounds of 
formula 1 in which R3 represent a phenyl derivative of formula (b). 

Still a further special embodiment of the compounds of the present invention include those compounds of 
formula 1 in which R1 is methyl, R2 is methyl, R3 represents a phenyl derivative of formula (b), R6 is 
methoxy, R7 is methyl and R8 is hydrogen. 

. The compounds of formula 1 are chiral compounds, if tine meanings of R1 and R2 are not identical. In 
case R3 represents a phenyl derivative of fomiula (b) there is one furtiier chiral center in tiie dihydrofuran- 
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ring, If the substituents -R7 and -CH2R8 are not identical. However, preferred are in this connection those 
compounds, in which the substituents -R7 and -CH2R8 are identical or together and with inclusion of the 
two carbon atonns to which they are bonded form a spiro-connected 5-, 6- or 7-membered hydrocarbon 
ring. 

The invention includes all conceivable pure diastereomers and pure enantiomers of the compounds of 
formula 1, as well as all mixtures thereof independent from the ratio, including the racemates. 

The compounds of formula 1 according to the invention can be prepared, for example, as described in 
Reaction scheme 1. 
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In reaction scheme 1 , the keto acids of formula 2a, in which R1 , R2, R4 and R5 have the above-mentio- 
ned meanings, can, for example, be prepared from compounds of formula 3a, in which R4 and R5 have 
the above-mentioned meanings and Z represents hydrogen (H) by a Friedel-Crafts acylation with 3,3-di-(1- 
4C-alkyl)<lihydro-furan-2,5<Jione (for example 3,3<Ji-methyl-dihydro-furarh2,5^!one). The Friedel-Crafts 
acylation is carried out in a manner, which is known to the person skilled in the art (for example as de- 
scribed in M. Yamaguchi et al., J Med Chem 36: 4052-4060, 1993) in presence of a suitable catalyst, 
such as for example, AlCia, ZnClg, FeCIs or iodine, in an appropriate inert solvent, such as methylene 
chloride or nitrobenzene or another inert solvent such as diethyl ether, preferably at raised temperature, 
especially at the boiling point of the solvent being used. 

Alternatively, the compounds of formula 2a, in which R1, R2, R4 and R5 have the above-mentioned mean- 
ings, can be prepared from compounds of the fonnula 3a, in which R4 and R5 have the above-mentioned 
meanings and Z represents a halogen atom through reaction with 3,3-dl-(1-4C-alkyl)-dihydro-furan-2,5- 
dione. 

The reaction is carried out in a manner, which Is known by a person skilled In the art, for example 

a) by activating compounds of formula 3a, in which R4, R5 and Z have the above-mentioned mean- . 
ings, by a lithium/halogen exchange reaction at low temperatures (preferably at -60 to -lOO'C) in an 
appropriate inert solvent such as tetrahydrofuran or diethylether, preferably under an atmosphere of 
Inert gas, followed by reaction of the lithiated compounds with 3,3Kli-(1-4C-allvl)<lihydro4uran-2,5- 
dlone,,Qr 

b) by converting compounds of formula 3a, in which R4, R5 and Z have the above-mentioned mean- 
ings, in a suitable Inert solvent such as, for example, tetrahydrofuran or diethyl ether into the coo'e- 
sponding Grignard compounds of formula 3a, in which Z represents MgCI, MgBr or Mgl followed by 
reaction of the Grignard compounds with 3,3<li-(1-4C-alkyl)-dihydro-furan-2,5<lione. 

Compounds of formula 2b, in which R1, R2, R6, R7 and R8 have the above-mentioned meanings can be 
prepared analogously to the compounds of formula 2a using the synthesis procedures described above 
under a) or b). 

Compounds of formula 3a, in which R4 and R5 have the above-mentioned meanings and Z represents a 
hydrogen (H) or halogen atom, are known or can be prepared as described in W098/31674. 

Compounds of formula 3b, in which R6, R7 and R8 have the above-mentioned meanings and Z represents 
a halogen atom, are known or can be prepared as described in WO99/31090. 



■ 
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The keto acids of formulae 2a and 2b are converted to compounds of formula 1a and 1b, in which R1, R2, 
R4, R5, R6, R7 and R8 have the above-mentioned meanings and R9 represents hydrogen (H) by a reac- 
tion with 4-hydrazinopiperidine dihydrochloride. 

The conversion of the keto acids of formulae 2a and 2b or one of their reactive derivatives with 4-hydra- 
zinopiperidine dihydrochloride is advantageously carried out with 1 to 1.5 equivalents of the 4-hydra2ino- 
piperidine dihydrochloride in the presence of a suitable base, such as for example, triethylamlne, diiso- 
propylethylamine, N-methylmorphoiine or any other aliphatic tertiary amine. As inert solvents are prefera- 
bly used alcohols such as methanol, ethanol, isopropanol, n-propanol, n43utanol, isoamylaicohol, glycols 
and their ethers such as ethylene glycol, diethylene glycol, ethylene glycol monomethyl or monoethyl 
ether, acids such as formic acid, acetic or propionic acid, suitable mixtures of the above-merrtioned sol- 
vents, as well as mixtures with water, for example aqueous ethanol, further ethers, especially water solu- 
ble ethers such as tetrahydrofuran, dioxane or ethylene glycol dimethylethen further toluene or benzene, 
especially when the method of azeotropic destiliation is used to remove the reaction water. 

The reaction temperatures are suitably between 0 and 200*0, preferably between 20 and 1 0O^C; the reac- 
tion times are preferably between 1 and 48 hours. 

Suitable reactive derivatives of the keto acids of fomiulae 2a and 2b which may be mentioned in this con- 
text are, for example, esters, especially methyl and ethyl esters, nitrils and acid halides, such as acid 
chlorides or acid bromides. They can be prepared by methods, which are known by the person skilled in 
the art. 

Rnally, the compounds of formulae la and 1b, in which R1, R2, R4, R5, R6. R7 and R8 have the above- 
mentioned meanings and R9 has tiie meaning hydrogen (H) are reacted with a compound of formula R9-X, 
in which R9 has the above-mentioned meanings and X is a suitable leaving group, for example a halogen 
atom, preferably a chlorine atom. 

All known classical methods for alkylation, reaction with sulfbnyl halides, reaction with acyl halides etc. 
can be used in this last reaction step. 

Alternatively, in some cases, it might be useful to introduce the substituent R9 by a Michael addition 
reaction or by a two- or multi-step procedure. 

Suitably, the conversions are can-ied out analogous to methods, which are familiar per se to the person 
skilled in the art, for example, in the manner which is described in the following examples. 

The substances according to the invention are isolated and purified in a manner known per se, e.g. by 
distilling off the solvent in vacuo and recrystallising the residue obtained from a suitable solvent or subject- 



wo 2005/075456 



PCT/EP2005/050415 



-21- 

ing it to one of the customary purification methods, such as column chromatography on a suitable sup- 
port material. 

Salts are obtained by dissolving the free compound in a suitable solvent (for example a ketone like ace- 
tone, methylethylketone, or methylisobutylketone, an ether, like diethyl ether, tetrahydrofuran or dioxane, 
a chlorinated hydrocarbon, such as methylene chloride or chlorofonn, or a low molecular weight aliphatic 
alcohol, such as ethanol, isopropanol) which contains the desired acid, or to which the desired acid is 
then added. The salts are obtained by filtering, reprecipitating, precipitating with a non-solvent for the addi- 
tion salt or by evaporating the solvent Salts obtained can be converted by basification into the free com- 
pounds which. In turn, can be converted into salts. In this manner, pharmacologically non-tolerable salts 
can be converted into phamiacologically tolerable salts. 

The following examples illustrate the invention in greater detail, wrtiiout restricting it. As well, -further com- 
pounds of formula 1, of which the preparation is explioitiy not described, can be prepared in an analogous 
way or in a way which is known by a person skilled In the art using customary preparation methods. 

The compounds, which are mentioned in the examples as well as their salts are preferred compounds of 
the invention. In the examples, RT stands for room temperature, h for hour(s), min for minute(s} and M. p. 
for melting point 
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Examples 
Rnal products 

1. 244-r3-(3.4^imethoxv-phenvlV5,5<limethvl-€-oxo^.Mihvdro-4H-pvridaz^ 
l-sutfonylVbenzonitrile 

A mixture of 5 mmol of intermediate A2, 7 mmol of 2-cyanoben2enesulfonyl chloride and 10 mmol of 
triethylamine in 50 ml of dichloromethane is stirred at RT for 1 h. The organic layer is washed twice with 
aqueous sodium carbonate, dried over MgS04 and concentrated in vacuo. The title compound crystallizes 
from ethyl acetate. M. p. 190-192'C. 

2. 6-(3.4Clmethoxv^DhenYlV4.4dimethvl-2f1-f3Hrworphonn^Vi-a^ 
4^lhydrO"2H4iyridazin-a^ne hydrochloride 

A solution of 5 mmol of intermediate A2 and 8 mmol of 1**morpholirv4-yl-propenone in 50 ml of methanol is 
stinred for 20 h at RT. After evaporating the residue is dissolved in ethyl acetate and filtered. A saturated 
solution of hydrochloric add in diethyl ether is added and the resulting precipitate is filtered off and dried. 
M.p.211-213'C. 

3. 2-f4"a43,4^imethoxyphenyll-6^xo^,6-dihydro^H-pyrldaz!n-1-ylVpiperidin-1-yl^ 

A mixture of 5 mmol of intermediate A2, 15 mmol of potassium carbonate and 7 mmol of chloroacetamide 
in 10 ml of dimethyl formamide is stirred for 72 h at RT. The solvent is evaporated and the residue is parti- 
tioned between aqueous sodium carbonate and ethyl acetate. The organic layer is dried over MgS04 and 
concentrated in vacuo. The product is purified by chromatography (ethyl acetate:methanol/10:1) and crys- 
tallized from ethyl acetate. M. p. 180-182*0. 

4. 1-(2-{4-r3-(3.4-Dimethoxv-phenvl>^.5<limethvl-6K)xo-5,Mihvdro-4H-Dyridazin-1-ylT- 
piperidin-1-vt>-2^xo^thvlVpvrrolidine-2,S-dione 

10 mmol of chloroacetyl chloride, dissolved in 20 ml of dichloromethane is added slowly to a solution of 5 
mmol of Intermediate A2 and 20 mmol of triettiylamlne In 50 ml of dichlorometiiane at OPC. After complete 
addition the mixture Is stirred for an additional 30 min after which 50 ml of water Is added and stirring is 
continued for additional 30 min. The dichloromethane solution is separated, washed twice with water, 
dried over magnesium sul^ and evaporated. The residue Is dissolved in ethyl acetate, filtered over silica 
gel after which tiie solvent is evaporated. The residue is dissolved in 20 ml of dmetiiyl formamide and 10 
mmol of succinimlde and 10 mmol of potassium carisonate are added and the resulting mixture Is heated 
for 2 h at 70 "C. After cooling to RT, tiie mixture is diluted wrtii 100 ml of etiiyl acetate and filtered. After 
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evaporat'ng the solvent, the residue is purified by chromatography (elution with ethyl acetate:metha- 
nol/5:1). Crystallisation from ethyl acetate yields the title compound. M. p. 177-179 

5- &^3.4^Dimethoxv4)henvlV4.4^iniethvl-2-f1-rtoluen6-2>sulfonylVpiperidin^^ 
2H-Pvridazin"3-one 

The title compound is prepared analogous as described for Example 1 using intermediate A2 and 
2-methyl-benzenesulfonyl chloride. M. p. 132-133''C 

R 44443-r3ADimethoxv-phenvlV5.5-dimethvl-6-oxo-5.6^ihvdrow|H-pyridazin-1-yl^ 
piperldlne^1-sulfonyIH)en2onltrne 

The title compound is prepared analogous as described for Example 1 using intermediate A2 and 
4-cyano-benzenesulfonyl chloride. M. p. 161-163"^ 

7. 6-f3,4^Dimethoxv^henvlM.4^im6thvl-241-f24rffluQrQme thoxv4aenM 
pfperld!n^vn-4,Mihvdro-2H-pvrida2iiva^n6 

The title compound is prepared analogous as described for Example 1 using intermediate A2 and 
2-trifluoromethyl-benzenesulfonyl chloride. M. p. 143-144°C 

8. 6-r3,4^Dimethoxv-phenviV2-f141-r2-methoxv-phenviVm6thanQvn-piperi d 
dimethvl-4,S<lihvdro>2H-pvridazm>3^ne 

The title compound is prepared analogous as described for Example 1 using intemiediate A2 and 

2- methoxy-benzoyl chloride, M, p. 157-159'C 

9- 34443-(3.4-Dimethoxvi)henvlV5.5^im6thyl-6^xo-5.6-dlhydro-4Hi)vridazin-1-ylf 
, pfperidine-1-suHonyll-benzonitril6 , 

The title compound is prepared analogous as described for Example 1 using intermediate A2 and 

3- cyano-benzenesulfonyl chloride. M. p. 158-160*^ 

10. 6-f3.44)im6ihoxwhenvlV4.4^dim6thvl -2>f1-ftoluene^sulfonvlVpfperldin-4^^^ 
2H-Pvridazin-3-one 

The title compound is prepared analogous as described for Example 1 using intermediate A2 and 

4- methyl-benzenesulfonyl chloride, M. p. 161 -164 °C 
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11. 6-r3.4-DimethQxv4ihenvlM-4^imethvl-2- ri-/toluene-3 -sulfQnvlVDi 
2H-pyridazin-3-one^ 

The title compound is prepared analogous as described for Example 1 using intermediate A2 and 
3-methyi-benzenesulfonyl chloride. M. p. 150-152"^ 

12. 4-r3-r3,4^Dimethoxv-PhenvlV5,Mimethyl-&oxo-5.6<lihvdro-4H-Dv ridaz^^ 
sulfonic acid dfmethvlamide 

The title compound is prepared analogous as described for Example 1 using Intennediate A2 and 
dimethylsulfamoylchlorlde. M. p. 172-174^ 

13. 24443-r7-Methoxv^2,^imcthvl-2.Mihvdro-benzofuran^vlV5,&d!me^^^^ 
d^hY<^ro■4H-pvr^dazl^-1-Yl1^)^peridin^1-Y^}■pcetqn||<^^ 

The title compound is prepared analogous as described for Example 3 using intermediate A4 and 
2-chloroacetamide. M. p. 215-216*^ 

14. 6^3i44>imethoxYi)hgnvlK4-dlethYl-?41-(1i>hgnYl-methqn0YlH^ 
?H-pYrMfizlp-9-pne 

The title compound is prepared analogous as described for Example 1 using intermediate A6 and benzoyl 
chloride. M. p. 160-61 °C 

15. 24443-f3.4^imethoxv-DhenvlV^.5-diethvl^.oxo^.6^ihvdro-4H-Dvridazin^ 
yH-acetamide hydrochloride 

The title compound is prepared analogous as described for Example 3 using intermediate AS and 
2-chloroacetam1de. M. p. 69-74^ 

16. 2-f4-r3^f3.4^Dimethoxv-PhenvlV5,Mtethvl-6-oxQ^.6^ihvdrQ-4-pvrldazl^^^ 
suKonYlH^anzopiitrlle 



The title compound is prepared analogous as described for Example 1 using intermediate A6 and 
2-cyano-benzenesuifonyl chloride. M. p. 156-157°C 
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17. 442-(4-r3-(3.4^Dimethoxv-phenvlV5.5^ imfithvl-6K) xo-5.6-dihydr o-4H>pyri^ 
Diperidfn-1-vll-2-oxo^thvlWnQroholin6-3,»dione 

The title compound is prepared analogous as described for Example 4 using intermediate A2 and 
morplioline^,5<lione. M. p. 210-211 *C 

18. 6-(3,4-Diniethoxv-phenviV4,4^!ethvl-2-l141-f2-methoxv-PhenvlVm6thanovlVpiperi 
ylM.5-dihvdro-2H-Pvridazin-3-one 

The title compound is prepared analogous as described for Example 1 using intermediate A6 and 
2-methoxybenzoyl chloride. M. p. 160-162*^ 

19. 6-fy-Methoxv^2,2<limethvl-2.S<lihvdro-benzofuran^lM,4Hdlmet^^^ 
piDera2ln-1-vlVethanovlT<lperidin-4^IM.5<ilhydit)-2H-pyrldM 

The title compound is prepared analogous as described for Example 4 using intermediate A4 and N- 
methylpiperazine. M. p. 121-123*'C 

20. 1-/2-f4-ra-^-MethQxv-2.2Kirm 6thvl-2.3^ihvdro-benzofuran^^ 
dihvdrQ-4H-Pvridaz in-1^IT-pfperidfn-1-vlV2-QXQ-6thvlVpvrrolidlne-2.SKii^ 

The title compound is prepared analogous as described for Example 4 using intermediate A6 and pyr- 
rolidine-2,5<lione. M. p. 240-241 

21. 2-r2-44-r3-f3-4^Dimethoxv^henvlV5,5-dinftethvl-6-oxo-5,6<lihvdro-4H"Pvr"i^ 
pfper!din-1-ylV2-oxo-ethylVisolndole-1,3-dione 

The title compound is prepared analogous as described fDr Example 4 using intermediate A2 and 
phthalimide. M. p. ig3-194''C 
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Startina Compounds and Intermediates 

A1. 4-f3,4dimethoxvDhenvlV2.2-dimethvM-oxo-butvric acid 

Under an atmosphere of dry nitrogen a grignard solution, prepared from 43.4 g 3,4-dimethoxybromo- 
benzene and 6.1 g magnesium in 200 ml of tetrahydrofuran, is added dropwise to a solution of 20.5 g 3,3- 
dimGthyl-dihydro-furan-2,5<iione in 200 ml of tetrahydrofuran cooled in an Ice-bath. The reaction mixture is 
stirred for an additional hour at RT. 100 ml of a 20% ammonium chloride solution is added and the water 
layer is extracted twice with 75 ml of ethyl acetate. The combined organic layers are washed twice with 
100 ml of half saturated brine and extracted with 3 x100 ml 1M sodium hydroxide solution. The aqueous 
layers are washed with 75 ml of ethyl acetate, acidified with concentrated hydrochloric acid and extracted 
3 times with 100 ml of dichloromethane. The organic layers are dried over magnesium sulfate, filtered and 
concentrated in vacuo. The oily residue is crystallized from ethyl acetate/petroleum ether (60-80 "C). M. 
p. 114-116*0. 

A2. 643.4dimetriQxvDiienvlV4,4^imethvi-2H>lD6ridin-4-vi-4,5<ilhvdrQ-2H-Dvridazi 

A mixture of 50 mmol of intermediate A1 , 50 mmol of 4-hydrazinopiperidine dihydrochloride and 15 ml of 
triethylamine in 1 00 ml of r>i3ropanol are heated under reflux for 48 h. The solvent is evaporated and the 
residue is suspended in 100 ml of a 1M solution of sodium hydroxide. This suspension is extracted 3 
times with 50 ml of dichloromethane. The combined organic layers are washed with 50 ml of a 1 M solu- 
tion of sodium hydroxide, dried over magnesium sulfate, filtered and concentrated in vacuo. Crystallisation 
from diethyl ether yields the title compound. M. p. 126-1 28 "C. 

A3. 4-fi^lUlethoxv-2,2'dimethvl-2.3-dihvdro4)en2ofui^n-4-yiV2-2<limetliyl-4-oxo-^ acid 

The tttie compound is prepared analogous as described for intermediate A1 using 4-Bromo-7-methoxy- 
2,2-dimethy[-2,3-dihydro-benzofuran. Crystallised from dietiiyl ether. M. p. 159-1 60 °C 

A4. 8"f7-ll1ethoxy-2,2-dim6tliyl-2,3-dihvdro4)enzofuran-4-ylV4.4^imethvl-2-piperid 
dihydro-2H-pyrlda2in-a-one hvdrocliloride 

The title compound is prepared analogous as described for intermediate A2 using Intermediate A3 and 
piperidin-4-yl-hydrazine dihydrochloride. M. p. >300°C 

AS. 4"f3,4-Dlmethoxv-olienylV2.2-dlethyl-4-oxo-butvric acid 

The titie compound is prepared analogous as described for intermediate A1 using 3,3diethyl-dihydro- 
furan-2,&dIone. M. p. 106-109°C 
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A6. 6-f3.4-DimethoxvHihenvlV4.4<ifethvl-2- Dineridin-4-v l-4.S<lihvdro-2HHivridazin-^ 
hydrochioride 

The title compound Is prepared analogous as described for Intermediate A2 using intermediate AS and 
plperidin-4-yl-hydrazlne dihydrochloride. M. p. 137-1 38 °C 
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Commercial utility 

The compounds according to the invention have useful pharmacological properties which make them in- 
dustrially utilizable. As selective cyclic nucleotide phosphodiesterase (PDE) inhibitors (specifically of type 
4), they are suitable on the one hand as bronchial therapeutics (fertile treatment of ainway obstructions 
on account of their dilating action but also on account of their respiratory rate- or respiratory drive-increa- 
sing action) and for the removal of erectile dysfunction on account of their vascular dilating action, but on 
the other hand especially for the treatment of disorders, in particular of an inflammatory nature, e.g. of the 
ainways (asthma prophylaxis), of the skin, of the intestine, of the eyes, of tiie CNS and of the joints, 
which are mediated by mediators such as histamine, PAF (platelet-activating factor), arachidonic acid 
derivatives such as leukotrienes and prostaglandins, c^kines, interleukins, chemokines, alpha-, beta- 
and gamma-interferon, tumor necrosis factor (TNF) or oxygen free radicals and proteases. In this context, 
the compounds according to the invention are distinguished by a low toxicity, a good enteral absorption 
(high bioavailability), a large therapeutic breadtii and the absence of significant side effects. 

On account of their PDE-inhibiting properties, the compounds according to the invention can be employed 
in human and veterinary medicine as tiierapeutics, where they can be used, for example, for the treat- 
ment and prophylaxis of the following illnesses: acute and chronic (In particular inflammatory and aller- 
gen-induced) ainvay disorders of varying origin (bronchitis, allergic bronchitis, bronchial asthma, emphy- 
sema, CORD); dermatoses (especially of proli1i9rative, inflammatory and allergic type) such as psoriasis 
(vulgaris), toxic and allergic contact eczema, atopic eczema, seborrhoeic eczema, Lichen simplex, sun- 
burn, pruritus in tiie anogenital area, alopecia areata, hypertrophic scars, discoid lupus erythematosus, 
follicular and widespread pyodermias, endogenous and exogenous acne, acne rosacea and other prolif- 
erative, inflammatory and allergic skin disorders; disorders which are based on an excessive release of 
TNF and leukotrienes, for example disorders of the arthritis type (rheumatoid arthritis, rheumatoid spondy- 
litis, osteoarthritis and other arthritic conditions), disorders of the immune system (AIDS, multiple sclero- 
sis), graft versus host reaction, allograft rejections, types of shock (septic shock, endotoxin shock, gram- 
negative sepsis, toxic shock syndrome and ARDS (adult respiratory distress syndrome)) and also gener- 
alized inflammations in the gastrointestinal region (Crohn's disease and ulcerative colitis); disorders 
which are based on allergic and/or chronic, immunological false reactions In the region of the upper air- 
ways (pharynx, nose) and the adjacent regions (paranasal sinuses, eyes), such as allergic rhinitis/sinu- 
sitis, chronic rhinitis/sinusitis, allergic conjunctivitis and also nasal polyps; but also disorders of the heart 
which can be treated by PDE inhibitors, such as cardiac Insufficiency, or disorders which can be treated 
on account of the tissue-relaxant action of the PDE inhibitors, such as, for example, erectile dysfunction 
or colics of the kidneys and of tiie ureters in connection wttii Kidney stones. In addition, the compounds 
of the invention are useful in tiie treatment of diabetes insipidus, diabetes mellltus, leukaemia, osteoporo- 
sis and conditions associated with cerebral metabolic inhibition, such as cerebral senility, senile demen- 
tia (Alzheimer's disease), memory impairment associated with Parkinson's disease or multiinfarct demen- 
tia; and also illnesses of the central nervous system, such as depressions or arteriosclerotic dementia. 
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The invention further relates to a method for the treatment of mammals, including humans, which are suf- 
fering from one of the above mentioned illnesses. The method is characterized in that a therapeutically 
active and pharmacologically effective and tolerable amount of one or more of the compounds according 
to the invention is administered to the ill mammal. 

The invention further relates to the compounds according to the invention for use in the treatment and/or 
prophylaxis of illnesses, especially the illnesses mentioned. 

The invention also relates to the use of the compounds according to the invention for the production of 
pharmaceutical compositions which are employed for tiie treatment and/or prophylaxis of tiie illnesses 
mentioned. 

The Invention furthermore relates to pharmaceutical compositions for the treatment and/or prophylaxis of 
the illnesses mentioned, which contain one or more of tiie compounds according to the invention. 

Additionally, the invention relates to an article of manufacture, which comprises packaging material and a 
pharmaceutical agent contained witiiin said packaging material, wherein the pharmaceutical agent is 
tiierapeutically effective for antagonizing tiie effects of the cyclic nucleotide phosphodiesterase of type 4 
(PDE4), ameliorating the symptoms of an PDE4-mediated disorder, and wherein the packaging material 
comprises a label or package insert which indicates that the pharmaceutical agent is useful for preventing 
or treating PDE4-mediated disorders, and wherein said pharmaceutical agent comprises one or more 
compounds of formula 1 according to the invention. The packaging material, label and package insert 
othenAfise parallel or resemble what is generally regarded as standard packaging material, labels and 
package inserts for pharmaceuticals having related utilities. 

The pharmaceutical compositions are prepared by processes which are known per se and familiar to the 
person skilled in the art. As pharmaceutical compositions, the compounds according to the invention 
(= active compounds) are either employed as such, or preferably in combination with suitable pharma- 
ceutical auxiliaries and/or excipients, e.g. in tiie form of tablets, coated tablets, capsules, caplets, sup- 
positories, patches (e.g. as TTS), emulsions, suspensions, gels or solutions, the active compound con- 
tent advantageously being between 0.1 and 95% and where, by the appropriate choice of the auxiliaries 
and/or excipients, a phamiaceutical administration fomfi (e.g. a delayed release form or an enteric form) 
' exactiy suited to the active compound and/or to the desired onset of action can be achieved. 

The person skilled in the art is familiar witii auxiliaries or excipiente which are suitable for the desired 
phamnaoeutical formulations on account of his/her expert knowledge. In addition to solvents, gel formers, 
ointment bases and other active compound excipients, for example antioxidants, dispersants, emulslfiers, 
preservatives, solubilizers, colorants, complexing agents or pemfieation promoters, can be used. 
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The administration of the pharmaceutical compositions according to the invention may be performed in 
any of the generally accepted modes of administration available in the art. Illustrative examples of suitable 
modes of administration include intravenous, oral, nasal, parenteral, topical, transdermal and rectal deliv- 
ery. Oral delivery is preferred. 

For the treatment of disorders of the respiratory tract, the compounds according to the invention are pref- 
erably also administered by inhalation in the form of an aerosol; the aerosol particles of solid, liquid or 
mixed composition preferably having a diameter of 0.5 to 1 0 [im, advantageously of 2 to 6 |im. 

Aerosol generation can be cam'ed out for example, by pressure-driven jet atomizers or ultrasonic atomiz- 
ers, but advantageously by propellant-driven metered aerosols or propellant-free administration of micro- 
nlzed active compounds from inhalation c^ules. 

Depending on the inhaler system used, in addition to the active compounds the administration forms addi- 
tionally contain tiie required excipients, such as, for example, propellants (e.g. Frigen in tiie case of me- 
tered aerosols), surface-active substances, emulstfiers, stabilizers, presen/atives, flavorings, fillers (e.g. 
lactose in the case of powder inhalers) or, if appropriate, further active compounds. 

For tiie purposes of inhalation, a large number of apparatuses are available witii which aerosols of opti- 
mum particle size can be generated and administered, using an inhalation technique which is as right as 
possible for the patient. In addition to the use of adaptors (spacers, expanders) and pear-shaped contain- 
ers (e.g. Nebulator®, Volumatio®), and automatic devices emitting a puffer spray (Autohaler®), for me- 
tered aerosols, in particular in the case of powder Inhalers, a number of technical solutions are available 
(e.g. Diskhaler®, Rotadisk®, Turbohaler® or the inhaler described in European Patent Application 
EP 0 505 321), using which an optimal administration of active compound can be achieved. 

For the treatment of dermatoses, the compounds according to the invention are in particular administered 
in the form of those pharmaceutical compositions which are suitable for topical application. For the pro- 
duction of the pharmaceutical compositions, the compounds according to the invention (= active com- 
pounds) are preferably mixed witii suitable pharmaceutical auxiliaries and further processed to give suit- 
able pharmaceutical formulations. Suitable pharmaceutical formulations are, for example, powders, emul- 
sions, suspensions, sprays, oils, ointments, fatty ointments, creams, pastes, gels or solutions. 

The pharmaceutical compositions according to the invention are prepared by processes known per se. 
The dosage of the active compounds is carried out in the order of magnitude customary for PDE inhibi- 
tors. Topical application fomis (such as ointments) for the treatment of dermatoses thus contain the ac- 
tive compounds in a concentration of, for example, 0.1-99%. The dose for administration by inhalation is 
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customarly between 0.1 and 3 mg per day. The customary dose in the case of systemic therapy (p.o. or 
i.v.) is between 0.03 and 3 mg/l<g per day. 
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Biological investigations 

The second messenger cyclic AMP (cAMP) is well-known for inhibiting inflammatory and Immunocompe- 
tent cells. The PDE4 isoenzyme is broadly expressed in cells involved in the initiation and propagation of 
inflammatory diseases (H Tenor and C Schudt, in „Phosphodiesterase Inhibitors", 21-40, „The Handbook 
of Immunopharmacology", Academic Press, 1996), and its inhibition leads to an increase of tiie intracellu- 
lar cAMP concentration and thus to tiie inhibition of cellular activation (JE Souness et aL, Immunophar- 
macology 47: 127-162, 2000). 

The antiinflammatory potential of PDE4 inhibitors in vivo in various animal models has been described 
(MM Telxeira, TIPS 18: 164-170, 1997). For the Investigation of PDE4 inhibition on the cellular level (in 
vitro), a large variety of proinflammatory responses can be measured. Examples are the superoxide pro- 
duction of neutrophilic (C Schudt et al., Arch Pharmacol 344: 682-690, 1991) or eosinophilic (A Hatzel- 
mann et al., Brit J Pharmacol 114: 821-831, 1995) granuloc^es, which can be measured as luminol- 
enhanced chemiluminescence, or the syntiiesis of tumor necrosis. factor-<x in monocytes, macrophages 
or dendritic cells (Gantner et al., Brit J Pharmacol 121 : 221-231 , 1997, and Pulmonary Pharmacol Therap 
12: 377-386, 1999). In addition, the immunomodulatory potential of PDE4 Inhibitors is evident from the 
inhibition of T-cell responses like cytokine synthesis or proliferation (DM Essayari, Blochem Pharmacol 
57: 965-973, 1999). Substances which inhibit tiie secretion of the afore-mentloned proinflammatory me- 
diators are those which inhibit PDE4. PDE4 Inhibition by the compounds according to tiie Invention is 
tinus a central indicator for tiie suppression of inflammatory processes. 
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Method for measuring inhibition of PDE4 activity 

PDE4B2 (GB no. M97515) was a gift of Prof. M. Conti (Stanford University, USA). It was amplified from 
the original plasmid (pCMV5) via PGR with primers Rb9 (S- GCCAGCGTGCAAATAATGAAGG -3') and 
Rb10 (ff- AGAGGGGGATTATGTATCCAC -3') and cloned into the pCR-Bac vector (Invitrogeni Groningen, 
NL). 

The recombinant baculovirus was prepared by means of homologous recombination in SFS insect cells. 
The expression plasmlds were cotransfected with Bac-N-Blue (Invitrogen, Groningen, NL) or Baculo-Gold 
DNA (Pharmingen, Hamburg) using a standard protocol (Pharmingen, Hamburg). Wt vrus*free recombi- 
nant vims supematants were selected using plaque assay methods. After that, high4itre virus super- 
natants were prepared by amplHying Stimes. PDE4B2 was expressed in SF21 cells by infecting ^10^ 
cells/ml with an MOI ([Quitiplicity £f infection) between 1 and 10 in serum-free Sraoo medium (Life Tech- 
nologies, Paisley, UK). The cells were cultured at 28*0 for 48 - 72 hours, after which they were pelleted 
for 5-10 min at 1000 g and 4*0. 

The SF21 insect cells were resuspended, at a concentration of approx, 1 0'' cells/ml, in ice-cold (4*C) 
homogenization buffer (20 mM Tris, pH 82, containing the following additions: 140 mM NaCI, 3.8 mM 
KCI, 1 mM EGTA, 1 mM MgClz, 10 mM p-mercaptoethanol, 2 mM benzamidine, 0.4 mM Pefablock, 
10 leupeptin, 10 nM pepstatin A, 5 \iM trypsin inhibitor) and disrupted by ultrasonication. The ho- 
mogenate was then centrifuged for 10 min at lOOOxg and the supernatant was stored at-80*C until sub- 
sequent use (see below). The protein content was determined by the Bradford method (BioRad, Munich) 
using BSA as the standard. 

PDE4B2 activity was Inhibited by the compounds according to the invention in a modified SPA (scintilla- 
tion proximity assay) test, supplied by Amersham Biosciences (see procedural instrucfions 'phosphodi- 
esterase [3H]cAMP SPA enzyme assay, code TRKQ 7090"), carried out in 96-well microtitre plates 
(MTP's). The test volume Is 100 |il and contains 20 mM Tris buffer (pH 7.4), 0.1 mg of BSA (bovine serum 
albumln)/ml, 5 mM Mg^, 0.5{iM cAMP (including about 50,000 cpm of [3H]cAMP), 1 |il of the respective 
substance dilution in DMSO and sufficient recombinant PDE (lOOOxg supernatant, see above) to ensure 
that 10-20% of the cAMP is converted under the said experimental conditions. The final concentralion of 
DMSO in the assays (1 % vN) does not substantially affect the activity of the PDEs investigated. After a 
preincubation of 5 min at 37*0, the reaction is started by adding the substrate (cAMP) and tiie assays 
are incubated for a further 15 min; after that, they are stopped by adding SPA beads (50 ^l). In accor- 
dance with the manufacturer's instructions, the SPA beads had previously been resuspended in water, 
but were tiien diluted 1 :3 (v/v) in water; the diluted solution also contains 3 mM IBMX to ensure a com- 
plete PDE activity stop. After the beads have been sedimented (> 30 min), the MTPs are analyzed in 
commercially available luminescence detection devices. The corresponding ICgq values of the compounds 
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for the inhibition of PDE4B2 activity are determined from the concentration-effect cun/es by means of non- 
linear regression. 

The inhibitory values detennined for the compounds according to the invention follow from the following 
Table 1, in which the numbers of the compounds correspond to the numbers of the examples. 

Table 1 

Inhibition of PDE4 acitivity fmeasured as -loglC^ (mof/l)] 







1 


9.53 


2 


7.60 


3 


8.73 


4 


8.89 


5 


9.13 


7 


8.64 


8 


9.68 


13 


9.38 


15 


8.21 


16 


9.45 


17 


9.19 
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Patent claims 

1 . Compounds of formula 1 




in which 

R1 IS 1-4C-alkyl and 
R2 is 1-4C-alkyl, 

R3 represents a phenyl derivative of formulae (a) or (b) 




wherein 

R4 is MC-alkoxy or 1-4C-alkoxy which is completely or predominantly substituted by fluorine, 
R5 is 1-8C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely 
or predominantly substituted by fluorine, 

R6 is 1-4C-alkoxy, 3-5C-cycloalkoxy, asOcycloalkylmethoxy, or 1-4C-alkoxy which is completely 

or predominantly substituted by fluorine, 

R7 is MC-alkyI and 

R8 is hydrogen or 1-4C-alkyl, 

or wherein 

R7 and R8 together and with inclusion of the two cariDon atoms, to which they are bonded, form a 
spiro'linked 5-, 6- or 7-membered hydrocarbon ring, optionally intenupted by an oxygen or sulphur 
atom, 

R9 is -C(O)R10, -S(0)rR14, -{CH2)n-C(0)-R18 or -C(0)-(CH2)m-R21, 
RIO is 1'4Cialkyl, -N(R1 1)R12, phenyl or phenyl substituted by R13. 



« 
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R11 is hydrogen, 1-4C-alkyl, a-yC-cycloalkyl or 3-70cycloalkylmethyl, 

R12 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-70cycloalkylmethyl, 

or R1 1 and R1 2 together and with inclusion of the nitrogen atom to which they are bonded, form a 
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-, 
4-morpholinyl, 4-thiomorpholinyK thiomorphorm-1-oxide-4-yl- or thiomorpholin-1 ,1-dioxide-4-yl-ring, 

R13 is hydroxy], halogen, nitro, cyano, hydroxycarbonyl, 1-4C-alkyl, trifluoromethyl, 1-40-alkoxy, 
1-4C-alkoxy which is completely or predominantly substituted by fluorine, 1-40alkoxycarbonyl, 
amino, mono- ordl-1-4C^lkylamino, aminocarbonyl, mono- ordi-1-4C-alkylaminocarbonyl, 
1-4C-alkylcarbonyl, 1-4C-alkylcarbonylamino or 1-4C-alkylcarbonyloxy, 

R14 is 1-4C-alkyl, -N(R15)R1 6, phenyl or phenyl substituted by R1 7, 

R15 is hydrogen, 1-4C-alkyl, 3-7C-cycloall^l or 3-70-cycloalkylmethyl, 

R16 is hydrogen, 1-4Cnalkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl, 

or R15 and R1 6 together and with inclusion of the nitrogen atom to which they are bonded, form a 
1-pyrrolidinyl-, 1i3lper!dinyl-, 1-plperazinyl, 1-(1-4C-alkyl)-plperazIn^l-, 1-hexahydroazepinyK 
4-morpholinyl, 4-thiomorpholinyK thiomorpholln-1-oxide-4^l- or thiomorpholin-l ,1-dioxide-4-yl-ring, 

R17 is hydroxyl, halogen, nitro, cyano, carboxyl, MC-all^l, trifluoromethyl, 1-4C-alkoxy, 1-40-alkoxy 
which is completely or predominantly substituted by fluorine, 1-4C-alkoxycarbonyl, amino, mono- 
ordi-1-4C-alkylamlno, aminocarbonyl, mono- or di-1-4G-allvlaminocarbonyl, 1-4C-alky!carbonyl, 
1^4C-alkylcarbonylamino or 1-4C-alkylcarbonyloxy, 

R18 is -N(R19)R20, 

R19 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl, 

R20 is hydrogen, 1-4C-alkyI, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl, 

or R19 and R20 together and with inclusion of the nitrogen atom to which they are bonded, form a 
t-pyn-olidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-, 
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1 -oxlde-4-yl- or thiomorpholin-1, 1-dioxide-4-yl-ring, 

R21 is -N(R22)R23, 

R22 is hydrogen, 1-4C-aIkyl, 3-7C-cycloalky[ or 3-7C-cycloalkylmethyl, 

R23 is hydrogen, 1-4C-alkyl, a-7C-cycloalkyl or 3-7C-cycloalkylmethy!, 

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, form a 
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl. 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-, 
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1 -oxide-4-yl-, thiomorpholin-1, 1-dioxide-4-yl-, pyr- 
rolidin-2,5KJione-1-yl-, morpholin-3,5<lione-4-yl-, piperidin-2,6-dione-1-yl, 4,4<limethyl-piperidin-2,6- 
dlone-1-yl or a 1-methyl-lmidazolidine-2,4<lione^3-yl-rIng or a isoindol-1,3-dlone-2-yl-rlng-system, 

n is an integer from 1 to 4, 

m is an integer from 1 to 4, 

and the salts of these compounds. 

2. Compounds of formula 1 according to claim 1 , in which 
R1 is 1-4C-alkyl. 
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R2 IS 1-4C-alkyI, 

R3 represents a phenyl derivative of formulae (a) or p) 




wherein 

R4 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine, 
R5 is 1-2&alkoxy or 1-2C-alko3^ which is completely or predominantly substituted by fluorine, 
R6 Is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine, 
R7 is methyl and 
R8 is hydrogen, 
or wherein 

R7 and R8 togetiier and with inclusion of the two carbon atoms, to which they are bonded, form a 
spiro-linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring, 

R9 is -C(O)-R10, -S(0)a-R14, -(CH2)„-C(0)-R18 or -C(OHCH2)„-R21, 

R1 0 is phenyl or phenyl substituted by R13, 

R13 is 1-4C-alkyl or 1-4C-alkoxy, 

R1 4 is -N(R1 5)R1 6, phenyl or phenyl substituted by R1 7, 

R15 is hydrogen or 1-4C-alkyl, 

R16 Is hydrogen or 1-4C-alkyl, 

R17 is halogen, nitro, cyano, 1-4C-alkyl, 1-4C-alkoxy or 1-4(>alkoxy which is completely or predomi- 
nantly substituted by fluorine, 
R18 is -N(R19)R20. 
R19 Is hydrogen or1-4C^lkyl, 
R20 Is hydrogen or 1-4C-alkyl, 

or R19 and R20 together and witii inclusion of the nitrogen atom to which they are bonded, iorm a 
1i3ynrolidinyl-, 1-piperidlnyK 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyK 
4-morpholinyl or 4-thiomorphoIinyl-rlng, 

R21 is -N(R22)R23, 

R22 is hydrogen or 1-40alkyl, 

R23 is hydrogen or 1-40alkyl, 

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, form a 
1-pyrrolidinyl-, 1-plperidinyl-, 1-piperazinyl, 1-{1-4C-alkyl)-pipera2in-4-yl-, l-hexahydroazepinyl-, 
4-morpholinyl, 4-thiomorpholinyl-, pyrrolidin-2,5<lione-1-yl-, morpholin-8,5-dione-4-yl-, piperidin-2,6- 
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dione-1-yl, 4,4<limethyl-piperidin-2,6<rione-1-yl or a 1-methyl-imida2olidine-2,4^one-3-yl-rlng or a 

isoindol-1 ,3<iione-2-yl-ring-system, 
n is an integer from 1 to 4, 
m is an integer from 1 to 4, 
and tlie salts of these compounds. 

3. Compounds of formula 1 according to claim 1, in which 
R1 is methyl or ethyl, 
R2 is methyl or ethyl, 

R3 represents a phenyl derivative of formulae (a) or (b) 




wherein 

R4 is methoxy, ethoxy or difluoromethoxy, 
R5 is methoxy, ethoxy or difluoromethoxy, 
R6 is methoxy, ethoxy or difluoromethoxy, 
R7 is methyl and 
R8 Is hydrogen, 
or wherein 

R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form a 
spiro-linked cyclopentane, cyclohexane, tetrahydrofuran ortetrahydropyran ring, 
re is-C(O)-R10, 

R1 0 is phenyl or phenyl substituted by R1 3, 
R13 is 1-4C^lkyl or 1-40«lkoxy, 
and the salts of these compounds. 

4. Compounds of fbnnula 1 according to claim 1 , in which 
R1 is methyl or ethyl, 
R2 is methyl or ethyl, 

R3 represents a phenyl derivative of formulae (a) or (b) 
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wherein 

R4 is methoxy, ethoxy or difiuoromethoxy, 
R5 Is methoxy, ethoxy or difiuoromethoxy, 
R6 is methoxy, ethoxy or difiuoromethoxy, 
R7 is methyl and 
R8 is hydrogen, 
or wherein 

R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form a 
spiro-linked cyclopentane, cyclohexane, tetraliydrofuran or tetrahydropyran ring, 
R9 is -S(0)a-R14, 

R1 4 is -N(R15)R1 6, phenyl or phenyl substituted by R1 7, 
R15 is hydrogen or 1-4C-all<yl, 
R16 is hydrogen or 1-4C-allcyl, 

R17 is halogen, nitro, cyano, 1-4C-all<yl, 1-4C-alkoxy or 1-4C-allcoxy which is completely or predomi- 
nantly substituted by f I uorine, 
and the salts of these compounds. 

5. Compounds of formula 1 according to claim 1 , in which 
R1 Is methyl or ethyl, 
R2 is methyl or ethyl, 

R3 represents a phenyl derivative of fbrifnuiae (a) or (b) 




wherein 

R4 is methoxy, ethoxy or difiuoromethoxy, 
R5 is methoxy, ethoxy or drfiuorometiioxy, 



f 
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R6 is methoxy, ethoxy or difluoromethoxy, 
R7 is methyl and 
R8 is hydrogen, 
or wherein 

R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, iom a 
spiro-linl<ed cyclopentane, cyclohexane, tetrahydrofuran ortetrahydropyran ring, 

R9 is -(Chy„-C(0)-R18, 

R18 is -N(R19)R20, 

R19 is hydrogen or 1-4C-al[cyl, 

R20 is hydrogen or 1-4C-alkyl, 

or R19 and R20 together and with Inclusion of the nitrogen atom to which they are bonded, form a 
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-allcyl)i3ipera2in-4-yl-, 1-hexahydroazepmyl-, 
4-morpholinyl or 4-thlomorpholinyl-ring, 

n is 1 or 2, 

and the salts of these compounds. 

6. Compounds of formula 1 according to claim 1 , in which 
R1 is methyl or ethyl, 
R2 is methyl or ethyl, 

R3 represents a phenyl derivative of formulae (a) or (b) 



wherein 

R4 is methoxy, ethoxy or difluoromethoxy, 
R5 is methoxy, ethoxy or difluoromethoxy, 
R6 is methoxy, ethoxy or difluoromethoxy, 
R7 is methyl and 
R8 is hydrogen, 
or wherein 

R7 and R8 together and with Inclusion of the two carbon atoms, to which they are bonded, form a 
splro-IInked cyclopentane. cyclohexane, tetrahydrofuran or tetrahydropyran ring. 

R9 is-C(OHCH2)mR21, 

R21 is -N(R22)R23. 

R22 is hydrogen or 1-4C-alkyl. 
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R23 is hydrogen or 1-4C-alkyI, 

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, fonm a 
l-pyn'olidinyl-, 1-piperidinyl-, l-piperazinyl, 1-methyl-pipera2in-4-yl-, 1-hexahydroazepinyi-, 
4-morphoiinyl, 4-thiomorpholinyl-, pyrrolidin-2,5ifione-1-yl-, morpholin-3,&<Jione-4-yl-, piperidin-2,&- 
dlone-1-yl, 4,4<llmethyli5iperidin-2,Mione-1-yl or a 1-methy!-imidazondine-2,4-dlone-3-yl-ring or a 
lsoindol-1 ,3-dione-2-yl-r1ng-system, 

m is 1, 

and the salts of these compounds. 

7. Compounds of formula 1 according to claim 1, in which 
R1 Is methyl or ethyl, 
R2 is methyl or ethyl, 

R3 represents a phenyl derivative of formulae (a) or (b) 




wherein 

R4 Is methoxy or ethoxy, 

R5 Is methoxy or ethoxy, 

R6 Is methoxy, 

R7 is methyl and 

R8 Is hydrogen, 
R9 is-C(O)-R10, 

R1 0 is phenyl or phenyl substituted by R1 3, 

R13 is methoxy, 

and the salts of these compounds. 

8. Compounds of formula 1 according to claim 1, in which 
R1 is methyl or ethyl, 
R2 is methyl or ethyl, 

R3 represents a phenyl derivative of fomnulae (a) or (b) 
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wherein 

R4 is methoxy or ethoxy, 

R5 is methoxy or ethoxy^ 

R6 18 methoxy, 

R7 is methyl and 

R8 is hydrogen, 
R9 is -S(0)2-R14, 

R14 IS -N(R15)R16, phenyl or phenyl substituted by R17, 
R15 is methyl, 
R16 is methyl, 

R17 is cyano, methyl, methoxy or trifluoromethoxy, 
and the saite of these compounds. 

9^.' Compounds of formula 1 according to claim 1 , in which 
R1 is methyl or ethyl, 
R2 is methyl or ethyl, 

R3 represents a phenyl derivative of formulae (a) or (b) 




wherein 

R4 is methoxy or ethoxy, 
R5 is methoxy or ethoxy, 
R6 is methoxy. 
R7 Is methyl and 
R8 Is hydrogen. 
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R9 is -(CH2)n-C(0)-R18, 
R18 is -N(R19)R20. 
R19 is hydrogen, 
R20 is hydrogen, 

or R19 and R20 together and with inclusion of the nitrogen atom to which they are bonded, fomi a 

4-morpholInyi-ring, 
n is 1 or 2. 

andthesaits of these compounds. . 

1 0, Compounds of formula 1 according to claim 1 , In which 
R1 Is methyl or ethyl, 
R2 is methyl or ethyl, 

R3 represents a phenyl derivative of formulae (a) or (b] 




wherein 

R4 Is methoxy or ethoxy. 

R5 is methoxy or ethoxy, ^ ' 

R6 Is methoxy, 

R7 Is methyl and 

R8 Is hydrogen, 
R9 is-C(OHGH2)m-R21. 
R21 i8-N(R22)R23, 

or R22 and R23 together and whh Inclusion of the nitrogen atom to which they are bonded, forni a 

l-methyl-piperazin-4-yl-, pynrolidin-2,5<lione-1-yl- or a morpholin-3,&<llone-4-yl-fing or a isoindol- 
1 ,3-dione-2-yl-ring-system, 

m Is 1, 

and the salts of these compounds. 

1 1 . Compounds of formula 1 according to claim 1 , in which 
R1 is 1-4C-alkyl and 
R2 is 1-4C-alM, 

R3 represents a phenyl derivative of formulae (a) or (b) 
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wherein 

R4 te 1-40alkoxy or 1-4(>aikoxy which is completely or predominantly substituted by fluorine, 
R5 Is 1-8C-alkoxy, &-7C-cycloaIkoxy, 3-7C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely 
or predominantly substituted by fluorine, 

R6 is 1-40-alkoxy, 3^C-Gycloalkoxy, 3-50cycloalkylmethoxy, or MC-alkoxy which is completely 

or predominantly substituted by fluorine, 

R7 is 1-4C-alkyl and 

R8 is hydrogen or 1"4C-alkyl, 

or wherein 

R7 and R8 together and with inclusion of the two carison atoms, to which they are bonded, form a 
splro-llnked 5-, 6- or 7-membered hydrocarbon ring, optionally interrupted by an oxygen or sulphur 
atom, 

R9 is -C(O)R10, -S(0)rR14. -(CH^n-C(0)-R18or -C(OHCH2)rn-R21 . 

R10 is 1-4C-alkyl, -N(R11)R12, phenyl or phenyl substituted by R13, 

R11 is hydrogen, 1-4C-alkyi, ^7C-cycloalkyl or 3-7CrGycloalkylmethyl, 

R12 is hydrogen, 1*4C-alkyl. 3-7C-cyoIoalkyl or 3-7C-cycloalkylmethyl, 

or R1 1 and R12 together and with inclusion of the nitrogen atom to which they are bonded, form a 
l-pyn-olidinyl-, 1-piperidinyK l-piperazinyl, 1-(1-4Cnalkyl)-piperazin-4-yl-, 1-hexahydroazepinyK 
4-morpholinyl, 4-thiomorpholinyK thlomorphonn-1-oxide-4-yl- orthiomorpholin-1,1-dloxide-4-yl"ring, 

R13 Is hydroxyl, halogen, nitro, cyano, hydroxycartwnyl, 1-4C-alkyl, trifluoromethyl, 1-4C-alkoxy, 
1-4C-alkoxy which is completely or predominantly substituted by fluorine, 1-40alkoxycarbonyl, 
amino, mono-ordM-4C-alkylamIno, amlnocarbonyl, mono- or di-1-4C-alMamInocari3onyl, 
1-4C-alkylcarbonyl, 1-40alkylcarbonylamino or 1-4C-aIkylGarbonyloxy, 

R1 4 is 1 -4C-alkyl, -N(R1 5)R1 6, phenyl or phenyl substituted by R1 7, 

R15 is hydrogen. 1-4C"alkyl. 3-7C-cycloalkyl or 3-70cycloalkylmethyl, 

R16 is hydrogen, 1-4C-alkyl, a-7C-cycloalkyI or 3-7C-cycloalkylmethyl, 

or R15 and R1 6 together and with inclusion of the nitrogen atom to which they are bonded, forni a 
1-pyn-olidinyl-, 1-piperidinyK 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-, 
4HnorpholinyI, 4-thiomorpholinyl-, thlomofphonn-1-oxide-4yl- or thlomorpholin-1 ,1-dioxide-4-yl-ring, 

R17 Is hydroxyl, hatogen, nitro, cyano, carboxyl, 1-4C-allyl, trifluoromethyl, 1-4C-alkoxy, 1-4C-alkoxy 
which is completely or predominantly substituted by fluorine, 14C-aIkoxycari3onyl, amino, mono- 
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orclM-4C-aIkylamlno, aminocarbonyl, mono- ordM-4C-allvlaminocarbonyl, 1-4C-all<ylcarbonyl, 
1-4C-alkylcarbonyIamino or 1-4C-alkylGarbonyloxy, 
R18 is -N(R19)R20, 

R19 is hydrogen, 1-4C-alkyl, a-7C-cycloalkyl or 3-7C-cycloalkylmethyl, 

R20 Is hydrogen, 1-4C-alkyi, a7C-(^cloail«yl or 3-7C-cycloallvlmethyl, 

or R1 9 and R20 together and with inclusion of the nitrogen atom to which they are bonded, fonn a 
1-pyrrolidInyl-, lialperidlnyl-, 1-plperazinyl, 1-(1-4C-all<yl)-plpera2ln-4-yI-, l-hexahydroazoplnyl-, 
4-morpholinyl, 4-thlomorphonnyK thiomorphonn-1-oxide-4-yl- or thiomorpholin-1,1<lloxide-4-yi-ring, 

R21 is -N(R22)R23, 

R22 is hydrogen, 1-4C-alkyl, 3-7C-oycloali<yl or 3-70cycioaikylmethyl, 

R23 IS hydrogen, 1-4C-alkyi, 3-7C-cycloalkyl or 3-7C-cyc!oalkylmethyl, 

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, forni a 
l-pyn-olidinyl-, 1-piperidinyl-, 1-piperazinyI, 1-(1-4C-alkyl)-pipera2in-4-yl-, 14iexahydroazepinyl-, 
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholln-l-oxlde-4-yh thlomorpholIn-1 ,1<lioxlde-4-yl- or a 
pyrrol?din-2,5<ltone-1-yl-ring, 

n is an integer from 1 to 4, 

m is an integer from 1 to 4, 

and the salts of these compounds. 

12. Compounds of formula 1 according to claim 1 , in which 
R1 is 1-4C-alkyl. 
R2 is 1-4C-alkyI, 

R3 represems a phenyl derivative of formulae (a) or (b) 



R4 is 1-2C-alkoxy or 1-2C-alkoxy which Is completely or predominantly substituted by fluorine, 
R5 is 1-4C-alkoxy, 

R6 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine, 
R7 Is methyl and 
R8 is hydrogen, 
or wherein 




wherein 
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R7 and R8 together and with inclusion of the Iwo carbon atoms, to which they are bonded, form a 




spiro-linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring, 


R9 


Is -S(0)2-R14. -(CH2)n-C(0)^=»8 or -C(OHCH2)„-R21, 


R14 


is phenyl or phenyl subsfituted by R1 7, 


R17 


is halogen, nrtro, cyano, 1-4C-alkyl or 1-4C-alkoxy, 


R18 


is -N(R19)R20, 


R19 


is hydrogen or 1-4C-alkyl, 


R20 


is hydrogen or 1-40Q!kyl, 



or R1 9 and R20 together and with inclusion of the nitrogen atom to which they are bonded, form a 
1-pyn-olldinyl-, 1-piperidinyl-, l-piperazinyl, 1-(1-4C-alkyl)-piperazln4-yl-, 1-hexahydroazeplnyK 
4-morphoirnyl or 4-thiomorphoHnyking, 

R21 iS'N(R22)R23, 

R22 is hydrogen or 1-4C-qII^I, 

R23 ts hydrogen or 1-4C-all<yl, 

or R22 and R23 together and with Inclusion of the nitrogen atom to which they are bonded, form a 
1-pyrrolidinyl-, 1-piperidinyl-, -|-piperazinyl, 1-(1-40alkyl)-piperaan-4-yi-, 1-hexahydroazepinyl-, 
4-morpholinyi, 4-thiomorpholinyI- or a pynoIidin-2,6-dione-1-yl-ring, 

n is an integer from 1 to 4, 

m is an integer from 1 to 4. 

and the salts of these compounds. 

13. Compounds of formula 1 according to claim 1, in which 
R1 is methyl, 
R2 is methyl, 

R3 represents a phenyl derivative of fbnmula (a) 



wherein 

R4 is methoxy or ethoxy, 

R5 is methoxy or ethoxy, 
R9 is -S(0)rR14, -(CH2)„-C(0)-R18 or -C(OHCH2)rt-R21, 
R1 4 is 2-<qranopheny I, 
R1 8 is amino or 4-morpholinyl. 
R21 is pyrrolldin-2,&<lione-1-yl, 
n is 1 or 2, 




(a) 



R5 
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m i8 1, 

and the salts of these compounds. 

14. Compounds according to daim 1 for use in the treatment of diseases. 

15. Pharmaceutical compositions containing one or more compounds according to claim 1 together 
with tiie usual phamiaceuflcal auxiliaries andtor cam'er materials. 

16. Use of compounds according to claim 1 for the preparation of phamiaceuticai composHions for the 
treatment of ainAray disorders. 

17. A method for treating an Illness treatable by the administration of a PDE4 inhibftor in a patient 
comprising administering to said patient in need thereof a therapeutically effective amount of a 
compound as claimed to claim 1. 



18. 



A method for treating airway disorders in a patient comprising administering to said palfent a 
therapeutically effective amount of a compound as claimed !n claim 1 . 



INTERNATIONAL SEARCH REPORT 



r^i 



Intcmi 



iNo 



AppUcatton I 

PCT/EP2005/050415 



A. CLASSIFICA-nON OF SUBJECT MATTER 

IPC 7 C07D401/04 C07D401/14 A61K31/497 A61P11/00 



According to Inlemattonal Patent Ctassiflcalton (IPC) orto both natlonai dassfflcation and IPC 



B. nELDS SEARCHED 



Minimuin documentation searched (dassificaUon system foOowed by dassincation symbols) 

IPC 7 C07D A61K A51P 



Documentation searched omer than minimum documentalton to Uie extent thai such documents are Included In the fields seaictied 



Electronic data tiase consulted during the International search (name of data base and, where practical, search temis 

EPO-Internal , WPI Data, PAJ, BEILSTEIN Data, CHEM ABS Data 



C. DOCUUENTS CONSIDERED TO BE RELEVANT 



Category • Cttation of documenl, w,1th Indication, where appropriate, of the relevant passages 



Relevant to dalm No. 



EP 0 738 715 A (MERCK PATENT GMBH) 
23 October 1996 (1996-10-23) 
cited In the application 
Abstract; claims; examples. 

WO 02/064584 A (BYK GULDEN LOMBERG CHEM 
FAB ; GUTTERER BEATE (DE); 6RUNDLER 
GERHARD (D) 22 August 2002 (2002-08-22) 
cited In the application 
Abstract; claims; examples. 



1-18 



1-18 



WO 02/085906 A (ALTANA PHARMA AG 
GEERT JAN (NL)) 
31 October 2002 (2002-10-31) 
cited in the application 
Abstract; claims; examples. 



STERK 



1-18 



-/-- 



m 



Further documents are listed in the continuation of box C. 



Patent family members are listed In annex. 



' Spedal categories of dted documents : 

'A' document defining the general state of the art which is not 
considered to be of particular relevance 

'E' earSer document but published on or after the International 
filing dale 

'L' document which may throw doutits on priority clalm(s) or 
which Is cited to establish the publication date of another 
dtalion or other spedal reason (as specfflad) 

•O* document refenrfng to an oraldlsdosure, use. ^hlb&ion or 
other means 

•p' document published prior to the International filing data but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
died to underetand the prindpis or theory underlying the 
Invention 

"X* document of particular relevance; the clainned invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document is taken alone 

*y document of particular relevance; the claimed invention 
cannot be considered totnvoh^ an inventive step when the 
document is combined with one or more other such docu- 
ments, such oombinatlon being obvious to a person sidlled 
In the ait. 

*&' document member of the same patent family 



Date of the actual completion of the Intemalbnal search 



27 June 2005 



Name and mailing address of the ISA 

European Patent Office. P.B. 5816 Patentlaan 2 

NL-2280HVRIIswrjk 
TeL [•*^^-70) 340-2O4O, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Date of maDIng of the intematbnal search report 

04/07/2005 



Authorized offloer 



Ueisbrod, T 



Fcm PCT/ISA/210 (aeeand Sheot) (January 2004) 



INTERNATIONAL SEARCH REPORT 



r^i 



Intem^^al Application No 

PCT/EP2005/050415 



C.(ContfnuaUcn) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category « Citation of document, wim Indlcatton. where appropriate, of the relevant passages 



Relevant to daim No. 



P,A 



WO 2004/018449 A (WEINBRENNER STEFFEN ; 
ALTANA PHARMA AG (DE); STERK GEERT JAN 
(NL)) 4 March 2004 (2004-03-04) 
Abstract; claims; exaiiq)1es. 



1-18 



Fom PCT/ISA/210 (continuation of second chest) (January 20O4) 



INTERNATIONAL SEARCH REPORT 



lnfV»tlonal appHcation No. 
PCT/EP2005/050415 



Box II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This International Search Report has not been established In respect of certain claims under Article 17(2)(a) fbr the following reasons: 

1. W} Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 

Although claims 17 and 18 are directed to a method of treatment of the 
human/animal body, the search has been carried out and based on the alleged 
effects of the compound/composition. 

2. Claims Nos.: 

because they relate to parts of the International Application that do not comply with ^e prescribed requirements to such 
an extent that no meaningful international Search can be carried out, speciflcaiiy: 



3. Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box 111 Observations where unity of invention Is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this Internatlonai application, as follows: 



1 . I I As all required additional search f^es were timely paid by the applicant, this International Search Report covers all 
^ — * searchable daims, 

2. rn As ail searchable claims could be searched without effort Justifying an additional fee, this Authority did not Invite payment 

of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this international Search Report 
I — ' covers only those claims fbr which fees were paid, specifically claims Nos.: 



4. No required addltional search fees were timely paid by the applicant Consequently, this International Search Report Is 
restricted to the Invention first mentioned In the claims; It Is covered by claims Nos.: 



Remark on Protest The additional search fees were accompanied by the applicant's protest 

I I No protest accompanied the payment of additional search fees. 



Form PCT/iSA/210 (continuation of first sheet (2)) (January 2004) 



INT^NATI 

^Vrmatlon 



NATIONAL SEARCH REPORT 

an patent family members 



Intern^^al Application No 

PCT/EP20P5/050415 



Patent document 


Publication 




Patent tamlly 




Publication 


cited In search report 


date 




member(s) 




date 


EP 0738715 A 


23-10-1996 


DE 


19514568 


Al 


24-10-1996 




AT 


231842 


T 


15-02-2003 




AU 


705025 


B2 


13-05-1999 




AU 


5071196 


A 


31-10-1996 




CA 


2174472 


Al 


21-10-1996 




CN 


1142493 


A ,C 


12-02-1997 




CZ 


9601132 


A3 


13-11-1996 




DE 


59610081 


Dl 


06-03-2003 




DK 


738715 


T3 


26-05-2003 




EP 


0738715 


A2 


23-10-1996 


• 


ES 


2191070 


T3 


01-09-2003 




HU 


9601034 


A2 


30-12-1996 




JP 


8291145 


A 


05-11-1996 




NO 


961578 


A 


21-10-1996 




PT 


738715 


T 


30-06-2003 




RU 


2159236 


C2 


20-11-2000 




SI 


738715 


Tl 


31-10-2003 




SK 


48796 


A3 


05-02-1997 




TW 


475927 


B 


11-02-2002 




US 


2002111356 


Al 


15-08-2002 




US 


6399611 


Bl 


04«05-2002 




ZA 


9603154 


A 


06-12-1996 

WW X k X ^ W 


UO 02064584 A 


22-08-2002 


BG 


108124 


A 


31-08-2004 




BR 


0207278 


A 


10-02-2004 




CA 


2438520 


Al 


22-08-2002 

WW bWWk 




CN 


1524080 


A 


25-08-2004 

taw WW CvWW^ 




CZ 


20032491 


A3 


14-01-2004 

*~ W Jfc taWw~ 




EE 


200300311 


A 


15-10-2003 




UO 


02064584 


Al 


22-08-2002 




EP 


1362044 


Al 


19-11-2003 




HU 


0303193 


A2 


29-12-2003 




JP 


2004518727 


T 


24-06-2004 




NX 


PA03007310 


A 


04-12-2003 




NO 


20033618 


A 


15-10-2003 




NZ 


527424 


A 


25-02-2005 




PL 


363391 


Al 


15-11-2004 




SK 


11382003 


A3 


08-01-2004 




US 


2004067946 


Al 


08-04-2004 




ZA 


200306815 


A 


17-06-2004 


WO 02085906 A 


31-10-2002 


BG 


108294 


A 


30-09-2004 




BR 


0209149 


A 


13-07-2004 




CA 


2445233 


Al 


31-10-2002 

WX Xw V/ w k 




CN 


1503792 


A 


09-06-2004 

W «^ WW biWV/ 1 




CZ 


20033206 


A3 


18-02-2004 




EE 


200300514 


A 


16-02-2004 

xw Wb *«w w~ 




UO 


02085906 


A2 


31-10-2002 




EP 


1385848 


A2 


04-02-2004 




HU 


0303998 


A2 


28-05-2004 




JP 


2004526789 


T 


02-09-2004 




NX 


PA03009583 


A 


12-02-2004 




NO 


20034773 


A 


10-12-2003 




NZ 


529221 


A 


29-04-2005 




PL 


363312 


Al 


15-11-2004 




SK 


14342003 


A3 


04-05-2004 




US 


2004127707 


Al 


01-07-2004 




ZA 


200308930 


A 


09-06-2004 



Form PCT/ISA/210 (patent family annex) (January 2004) 



NATIONAL SEARCH REPORT 

lation on patent flamlly members 



Intem^P|ml Application No 

PCT/EP2005/050415 



Patent document 


Publication 




Patent family 


Publication 


died in search report 


date 




member(8) 


date 


WO 2004018449 A 


04-03-2004 


AU 


2003255376 Al 


11-03-2004 






UO 


2004018449 Al 


04-03-2004 



Form PCT/ISA/210 (patent family annex) (January 3004) 



